but the decline tended to be smaller in the intervention group; blood markers and the Mini Nutritional Assessment did not confirm this tendency. These results indicate that edentulous patients who depend on help for activities of daily living may benefit from IODs even late in life (ClinicalTrial.gov NCT01928004).
Implant-supported Mandibular
Overdentures in Very Old Adults: A Randomized Controlled Trial CLInICAL TRIALS Abstract: The purpose of this study was (1) to investigate denture satisfaction following the conversion of existing mandibular complete dentures to implant overdentures (IOD) in very old edentulous patients who depend on help for activities of daily living and (2) to evaluate secondary end points, such as functional, structural, nutritional, and patient-centered aspects. For this randomized clinical trial, 2 interforaminal short implants were placed in the intervention group (n = 16, 85 .0 ± 6.19 yrs) to retain mandibular IODs; the control group (n = 18, 84.1 ± 5.55 yrs) received conventional relines. During the first year, no implant was lost; however, 2 patients died. IODs proved more stable, and participants in the intervention group demonstrated significantly higher denture satisfaction as well as an increased oral health-related quality of life compared to the control group. Maximum voluntary bite force improved significantly with IODs, yet the chewing efficiency was not different between groups. Masseter muscle thickness increased with IODs, mainly on the preferred chewing side. Body mass index decreased in both groups, Introduction Implant overdentures (IODs) proved clinically effective in numerous randomized controlled trials and present functional, structural, as well as psychosocial benefits (Awad et al., 2000; Müller et al., 2012) . Despite the aging population, most studies enroll independently living patients younger than 70 yrs, so little is known about IODs in very old and institutionalized adults. Simple, fast, and minimally invasive treatment concepts are important to meet the needs of elderly adults with compromised physical health (Walton and MacEntee, 2005; Müller et al., 2011) . A reduced chewing efficiency not only compromises the pleasures of dining but also affects food choice and nutritional intake (Sheiham et al., 2001 ). Yet, a body mass index over 28 seems to reduce morbidity and mortality in very old persons (Weiss et al., 2008) . Consequently improving chewing efficiency might contribute toward an improved nutritional status. An increased chewing force might further stimulate salivary secretion from the parotid gland, which would facilitate mastication and alleviate discomfort caused by xerostomia. Last but not least, it remains unknown if IODs improve oral health-related quality of life and denture satisfaction in very old edentulous patients.
The present study aimed to test the following hypothesis: In very old edentulous patients who depend on help for activities of daily living, the conversion of existing complete lower dentures to IODs by means of 2 short interforaminal implants provides the same denture satisfaction than that of a conventional reline. Secondary end points were implant survival, maximum voluntary bite force, masseter muscle thickness, chewing efficiency, salivary flow, nutritional status, and oral healthrelated quality of life.
Materials & Methods

Randomization
Permission of the local ethics committee (Psy06-038) and written informed consent were obtained. The randomization sequence was established with http:// www.randomizer.org with block sizes of 10 and an allocation ratio of 1:1. The sequence was established before recruitment of the study commenced and concealed in nontransparent consecutively numbered envelopes. After enrollment of a participant, the next randomization envelope was opened, according to the previously established sequence.
Inclusion and Exclusion Criteria
Inclusion criteria comprised an age of 75 yrs or older and living institutionalized or receiving help for activities of daily living as assessed with the Instrumental Activities of Daily Living Scale (Lawton and Brody, 1969) . This scale covers the patient's ability to dress and feed oneself, as well as continence, mobility, and toilette. Participants had to be edentulous and wear complete dentures. The lower denture had to cause discomfort to the degree that the patients were seeking treatment. Exclusion criteria comprised depression (evaluated with the Geriatric Depression Scale; Sheikh and Yesavange, 1986) , dementia (according to the Mini-Mental State Examination; Folstein et al., 1975) , poorly controlled diabetes, immunosuppression, or treatment with bisphosphonates.
Intervention
Between September 2007 and March 2011, 51 edentulous patients were screened to enter the study, and 45 were randomized ( Figure) . Anamnesis and examinations took place in the dental school, in the participant's longterm care facility, or at his or her home. Different operators performed surgery (LV), the prosthetic procedures (FM, AL), and the endpoint evaluations (ED, MS). The patients obviously knew about the nature of their interventions. The trial was stopped in March 2011 because the funding expired. The treatment was free of charge.
Twenty-three patients were allocated to the intervention group, but 7 withdrew after randomization. Thus, 16 participants received 2 Straumann Standard Implants (SLA surface, 8-mm length, RN, 4.1-mm diameter; Straumann, Basel, Switzerland) in the interforaminal region per the recommended surgical protocol. The implants were loaded using Locator attachments (Zest Anchors, Escondido, CA, USA) after 6 to 8 weeks of healing time by transforming the existing lower denture to an IOD.
Twenty-two patients were assigned to the control group, but 4 withdrew after randomization. Therefore, 18 patients received a conventional reline of their lower denture. Time points were baseline, intervention (implant loading/ reline), 3 months, and 12 months.
Outcome Measures
Implant survival and success were assessed according to the Buser criteria, which refer to a successful osseointegration, the absence of local pathologies, and the possibility for restoration (Buser et al., 1990) . The nutritional state was judged via body mass index (kg/m 2 ) as well as the Mini Nutritional Assessment, a validated instrument covering 18 aspects of the patient's general health, nutritional state, and nutritional habits (Guigoz et al., 1994) . Blood markers (hemoglobin, albumin, folic acid, vitamin B12, and C-reactive protein) were collected and analyzed on whole blood and serum by Unilabs (Geneva) at baseline, 3 months, and 12 months.
Chewing efficiency was evaluated at all time points with a two-color mixing ability test; therefore, a two-colored chewing gum is masticated for 20 chewing cycles on the preferred chewing side (Schimmel et al., 2007) . The optoelectronic analysis was performed with ViewGum software (http://www.dhal.com) using the reciprocal value of the standard deviation of hue (SDHue) of the scanned chewing gum wafer as a measure for chewing efficiency (Halazonetis et al., 2013) .
Maximum voluntary bite force (N) was recorded at all time points with the Occlusal Force-Meter GM 10 (Nagano Keiki, Tokyo, Japan). The gauge has an 8.7-mm-thick bite element, which was placed unilaterally in the first molar region; dentures were stabilized with a contralateral bite element of the same thickness. The participants were asked to bite as hard as possible 6 times; for analysis, the right and left peak forces were averaged.
Denture satisfaction was evaluated with visual analog scale (DS-VAS) scores as described by Rashid et al. (2011) ; the patient is asked to respond to 24 predefined questions using 10-mm scales. High DS-VAS scores indicate elevated denture satisfaction. Oral health-related quality of life was assessed with the Oral Health Impact Profile-EDENT . This instrument contains 20 questions on functional limitations, pain, and physical and psychological disabilities; high scores indicate a low oral health-related quality of life.
Denture stability was judged clinically on a scale from 0 (no retention) to 3 (good retention). Masseter muscle thickness in contracted muscle condition was measured by means of linear ultrasound at baseline, 3 months and 12 months, and the preferred chewing side was noted (Schimmel et al., 2010) . Stimulated saliva flow rate was assessed after chewing on paraffin (CRT, Ivoclar Vivadent) for 2 minutes and continuous collection of saliva.
Statistical Analysis
Because of the lack of available data in the literature, an interim power analysis was performed after the inclusion of the first 13 subjects on the main outcome variable: DS-VAS. According to this analysis, group sample sizes of 12 each would detect a significant difference (p < .05, 1 -β = 0.8). Normal distribution was tested using Shapiro-Francia W′ tests, and nonnormal distributed variables were successfully transformed (Appendix Table) . received implants (n=16)
Figure.
CONSORT flow diagram. Time points of assessment were baseline, intervention (implant loading/reline), and 3 and 12 months after the intervention (3M and 12M, respectively).
intervention, and the interaction term as exploratory variables.
Results
The intervention group comprised 9 women and 7 men (mean age, 85.0 ± 6.19 yrs, range 75-92 yrs), and the control group consisted of 14 women and 4 men (mean age, 84.1 ± 5.55 yrs, range 76-96 yrs). The groups were not different at baseline (Table 1) .
All implants were successful according to the applied criteria, and no implant was lost; however, 2 IOD patients were deceased after 3 months. The Locator attachments were difficult to handle for some patients and their caregivers, despite the extra-light retention insert (i.e., red, 230g retentive force); in fact, at insertion, sometimes the black laboratory insert was used. In 2 cases, they were replaced by ball attachments after 3 months.
IODs were significantly more stable (interaction term: p < .0001), and IOD patients were significantly more satisfied (DS-VAS, interaction term: p < .0001). Furthermore, they showed an improved oral health-related quality of life (Oral Health Impact Profile-EDENT, interaction term: p < .035) than patients who had received a conventional reline (Table  2, Appendix Table) . Patients with IODs developed significantly higher maximum voluntary bite forces (interaction term: p < .0001), yet the chewing efficiency was not different between groups (standard deviation of hue, interaction term: p > .059). However, in the intervention group, masseter muscle thickness on the preferred chewing side increased but remained unchanged in the control group (interaction term: p = .028). The intervention had no influence on stimulated saliva flow rate.
The statistical model revealed a significant decrease in body mass index for both groups (time effect: p = .049), but the decline tended to be smaller in the intervention group. The Mini Nutritional Assessment and the blood markers did not confirm this tendency (all non-significant, Appendix Table) .
Discussion
Numerous studies reported that IODs have a 5-to 10-year survival rate above 90%, are clinically successful, and offer a substantial benefit to the patient from a functional, structural, as well as psychosocial point of view (Thomason et al., 2009) . However, most studies looked into "young old" patients with an average age younger than 70 yrs (Andreiotelli et al., 2010) . The benefit of IODs may be even more evident in the "old old" than in the "young old," where the functional shortcomings of complete dentures can be better compensated (Müller and Hasse-Sander, 1993) .
High success and survival rates of IODs in patients older than 80 yrs were reported but mostly in independently living individuals (Grant and Kraut, 2007) or for fixed implant-supported prostheses (Kowar et al., 2013) . The current study extends the evidence to very old patients who depend on help for the activities of daily living. Unexpectedly, the Locator attachments proved difficult to handle, as the inner part easily blocks with food debris, thus precluding the correct seating of the overdenture. Furthermore, the attachment often proved too tight, especially in patients with arthritis and/ or age-related muscle weakness. The Locator attachment seems therefore not ideal for frail and dependent patients. Nevertheless, the proposed conversion of conventional lower complete dentures to IODs proved feasible and successful even in dependent elderly individuals.
It is noteworthy that 7 participants withdrew from the study after they had been randomized to receive dental implants free of charge. Elderly patients often object to implant treatment, mainly motivated by the fear of surgery and pain or an unperceived need for improvement (Müller and Hasse-Sander, 1993; Ellis et al., 2011) . Risk factors for a negative attitude lie also in the lack of knowledge or the loss of autonomy (Müller et al., 2011) . Walton and MacEntee (2005) reported a 35% refusal rate even if the implants were free of charge.
The investigated treatment concept implies a moderate surgical intervention with short implants. A recent literature review confirmed high survival rates even for very short implants (Srinivasan et al., 2013) . By transforming the existing denture to an IOD, the involved cost and treatment sessions were kept at a minimum. The balanced benefit-risk ratio of the proposed treatment concept makes it particularly suitable for very old edentulous patients. Future treatment concepts may even use a single implant in the mandibular midline, but long-term survival data are still missing (Walton et al., 2009) .
Considering the complexity of complete denture care for patients of advanced age, such patients present a considerable challenge to the practitioner. Although complete dentures can replace most lost tissues and thus satisfy aesthetic and phonetic demands, they fail to fully restore the lost function. Chewing capacity and bite force remain substantially impaired, yet enjoying food gains importance while other pleasures fade.
The current study has evident shortcomings due to the complexity of logistics, the patients' health and motivation, as well as some caring institutions' compliance. Thus, recruitment took longer than expected, and the study had to be terminated while still underpowered for some secondary outcome measures. Nevertheless, it provides evidence that even in very old patients, IODs offer substantial benefits: an effect that is well known for younger age cohorts (Feine et al., 1994) . Although maximum voluntary bite force increased significantly in the intervention group, in contrast to younger patients, the chewing efficiency did not improve. Agerelated decline of motor coordination and abraded denture teeth might have accounted for this finding. The proposed treatment concept intentionally used the existing dentures to keep the cost and intervention time at a minimum. However, renewing abraded occlusal surfaces would not require additional chairside time; only the cost of treatment would increase. In view of the results of this study, renewal of the occlusal surfaces of the denture teeth should be recommended when wear seems to limit the chewing efficiency. The question arises whether improved denture stability induces a "training effect" for the chewing muscles.
Physiologic aging leads to a 40% decrease of masseter muscle crosssectional area from the age of 20 to 89 yrs (Newton et al., 1987) . It was demonstrated that resistance training in elderly institutionalized persons is effective in regaining atrophied muscle bulk and force of the lower limb (Tokmakidis et al., 2009) . The current study provides, for the first time, evidence that a similar effect exists for the chewing muscles after denture stabilization by means of dental implants. In addition to the primary outcome measure (denture satisfaction-visual analog scale [DS-VAS]), further secondary outcome measures were the Oral Health Impact Profile-EDENT (OHIP-EDENT), denture stability, chewing efficiency (standard deviation of hue [SDHue]), maximum voluntary bite force (MBF), masseter muscle thickness (MMT; preferred/nonpreferred chewing side), stimulated saliva flow rate (SSFR), as well as nutritional parameters such as the Mini Nutritional Assessment (MNA), the body mass index (BMI), and various blood markers (Hb). Missing data were imputed according to the "last value carried forward" method; the intentionto-treat population was n = 16 (intervention group) and n = 18 (control group). Although subjectively often unnoticed, edentulism leads to adjusting the food choice to what is feasible to chew (Sheiham et al., 2001) . Malnutrition has a prevalence of 5% to 8% of independently living persons but can increase up to 30% to 60% in the institutionalized population (Guigoz et al., 1994) .
The meals, however, are of increasing importance late in life, not only from a nutritional but also from a social point of view. Twenty-nine percent of persons in a British survey claimed "eating" as important for their quality of life (McGrath and Bedi, 2002) ; the importance of oral health on the wellbeing and life satisfaction of residents in a long-term care facility was demonstrated .
Various attempts have been made by geriatricians to battle weight loss to reduce morbidity, but dental interventions have rarely been studied within this context. In independently living persons, improving chewing efficiency by dental restorative measures alone rarely changes the diet (Hamdan et al., 2013) . The patients of the current study received help for their activities of daily living; thus, their nutritional intake was no longer a "free choice." However, neither the patients nor the carers were invited to change or improve the diet following the intervention. Furthermore, chewing efficiency proved not significantly improved in the intervention group, indicating that food choice would have probably not been much different. Last but not least, the study may be underpowered to show a significant difference for this secondary outcome measure.
Conclusions
Stabilizing existing lower dentures by means of 2 short regular-diameter interforaminal implants in very old edentulous patients who are dependent for the activities of daily living provides significantly higher denture satisfaction than that of a conventional reline. Therefore, the hypothesis has to be rejected. High survival and success rates confirm the feasibility of the IOD treatment concept. However, the choice of attachments should be adapted to the patient's manual force and dexterity, which should be monitored. The increased maximum voluntary bite force and masseter muscle bulk indicate a functional and morphologic benefit from this treatment, even for very old patients. However, the inconsistent findings in body mass index, Mini Nutritional Assessment, and blood markers reflect that nutritional intake is complex and not solely determined by the dental state.
